Light is the only key factor essential for plant growth, and ultraviolet (UV) rays, the harmful part of solar radiation, have the ability to decrease the metabolic rate in photosynthesis, causing deterioration in their growth. Accurate handling of the ultraviolet light that reaches the crops allows the improvement of different aspects of production, such as the shape and color of the plants, the precocity of the crops, and an improvement in the control of pests and diseases. The present study was carried out with the purpose of studying the responses in terms of germination and growth of four plant species-Glycine max, Triticum aestivum, Helianthus annuus, and Pinus maximartinezii-exposed to different doses of UV-C and UV-B radiation, for evaluation through the standard germination and accelerated aging tests, registering the germination rate (GR) and vigor (V), the number of normal seedlings (NS), and the average lengths of radicle (ALR) and plumule (ALP). Seeds treated with UV-C radiation showed a significant difference (p <0.05) between treatments (doses) and species, both in the standard germination and accelerated aging tests for the ALR and ALP variables. Seeds of G. max showed low sensitivity in both tests, with the dose 43.20 kJ/m 2 /day. The seeds of H. annuus and P. maximartinezii showed high sensitivity in both tests under UV-C radiation, with the doses 8.64 kJ/m 2 /day and 0.864 kJ/m 2 /day, respectively. Both tests under UV-B radiation showed a significant difference (p < 0.01) between species and treatments in the variables NS and ALP, with the minimum dose (T2). plant growth by affecting phytohormones through photodestruction or enzymatic reactions [7] , and influences photoprotectors and photosynthetic processes [8] . As it is concerned, UV-C is the most energetic part of the UV spectrum, and is not found naturally in the biosphere, however, it is used artificially for its important bactericidal and germicidal action [9] . When it interacts with plant tissues, UV-C radiation causes damage by ionization and dimerization of pyrimidines in DNA molecules, as well as a decrease in protein synthesis and the alteration of their structures [10, 11] .
Introduction
Ultraviolet solar radiation has received greater attention during recent years, mainly due to concern for the depletion of stratospheric ozone [1] and the increase in UV-B radiation [2] that has detrimental effects on the growth and development of plants. Plants respond to light through different photoreceptors [3] . Apart from photosynthetically active radiation (PAR, 400-700 nm), plants are exposed to UV-A light (320-390 nm), UV-B (280-320 nm), and UV-C radiation below 280 nm [4] .
Although it represents a greater portion of the total radiation, UV-A radiation is less harmful than the rest of wavelengths of UV radiation [5] . UV-B radiation of the ecologically relevant intensities is considered a modulator of physiological and morphological responses in plants [6] . It intervenes in
Materials and Methods
The species evaluated were soybeans (Glycine max L.) variety Huasteca from the locality INIFAP Tamaulipas 2010, wheat (Triticum aestivum L.) variety Gálvez from Navidad 2009, sunflowers (Helianthus annuus L.) variety commercial from Fraterna Primavera 2010, and pine (Pinus maximartinezii Rzedowski) from Cerro Piñones, Juchipila, Zacatecas.
UV-B and UV-C Radiation Doses
Preliminary tests were carried out to achieve the adequate doses (Table 1 ) at the right time, irradiating the seeds of each species with UV-C and UV-B for different exposure times (0, 5, 10, 15, 30, 60, and 90 min, until the limit of 29 h), according to the standard germination test [20, 21] . The radiation intensity was kept constant at 1.6 W/m 2 and 1.5 W/m 2 , for UV-C and UV-B radiations, respectively. The applied doses were obtained by varying the exposure time to the set distance, using the equation of López-Rubira et al. [22] :
where D is the dose of the radiation applied (kJ/m 2 ), F is the radiant flow (W/m 2 ), and t is the time of exposure (in seconds). The seeds were placed in a plastic tray (100 per species), in such a way that the surface closest to the embryo was exposed to the source of radiation, thus seeking to reduce possible interference by endosperm tissues. The biological material was introduced in an irradiation chamber with a UV-C radiation-emitting lamp (model UVM-225D, mark UVP) at a constant irradiance of 0.16 mW/cm 2 (equivalent to 1.6 W/m 2 ). The same procedure was performed with a UV-B radiation lamp (model 3UV-36, 3UV Lamp) at a constant intensity of 0.15 mW/cm 2 and 50 cm distance from the lamp.
Treatments were set as: (a) minimum dose, which was defined as the first indication of change or modification in the seedling structure; (b) maximum dose, which was established as the one where the changes in the seedling structures were more visible, up to 80% of seeds lots; (c) lethal dose (LD50), which was marked when 50% or more of the seeds didn't show germination; and (d) a control (without UV radiation). 
Standard Germination Tests
After the seed irradiation, the standard germination test was carried out, placing 100 seeds (four repetitions of 25 seeds) on a seedburo paper k-22, previously moistened with water, according to the techniques proposed by Moreno [20] and the International Seed Testing Association (ISTA) [21] . The seeds were covered with another paper, which was later rolled up, forming paper rolls which were introduced in the germination chamber at 25 ± 2 • C. Then, the quantification of the germination rate was carried out at a determined time, depending on each species, likewise the number of normal and abnormal seedlings was recorded, as well as the number of ungerminated seeds, according to Huron [23] methodology.
For Helianthus annuus and Glycine max, the initial counts were performed on the fifth day, for Triticum aestivum on the fourth day and for Pinus maximartinezii on the seventh day after planting. A second count was made, 8 days later for sunflowers,10 days for soybeans, 7 days for wheat, and 21 days for pine, to finish the germination rate. In addition, the average length of plumule and radicle were recorded.
Accelerated Aging Test and Vigor of Seedlings
Conditions were induced to increase the rate of the seeds' physiological deterioration, using an artificial aging chamber with a temperature of 45 • C and relative humidity of 100%. Inside the chamber, a 600 ml beaker containing 250 ml of water was placed, with 200 seeds on a plastic mesh above the water level, sustained by a support inside and covered with a plastic film, according to the procedures proposed by Moreno [20] and Huron [23] . There were a total of 40 bottles in the chamber. The exposure time applied was 64 hours for soybeans, 48 hours for wheat and sunflowers, and 72 hours for pine. At the end of the exposure period of the seeds to high temperature and humidity conditions, the standard germination tests and the corresponding accelerated aging tests were carried out.
Experimental Design and Statistical Data Analysis
The data obtained from the seed germination and seedling vigor tests were analyzed with the SPSS statistical package (version 21), where a completely randomized design was applied with a bifactorial arrangement: Factor 1 consisted of the four plant species, and Factor 2 consisted of the four doses of radiation, which generated a total of 16 treatments with eight repetitions per treatment for both UV-B and UV-C radiation. The average values of the results were compared using the Tukey test [24] .
Results

Standard Germination Test under UV-B Radiation
The averages of the variables evaluated showed a highly significant difference (p < 0.01), both between the species and between the treatments for the variables normal seedlings (NS), average length of plumule (ALP), and average length of radicle (ALR) ( Table 2 ). The vigor presented average values of 99.6% for soybeans, 98% for wheat, 87.3% for sunflowers, and 92.1% for pine. The germination rate (GR) showed statistically equal averages for soybeans and wheat, registering the values 98.8 and 98.2%, respectively, however, for sunflowers the value was 87.2%, and for pine it was 92.1%. The average for NS was higher in wheat (81.3%), followed by soybeans (54.2%), sunflowers (49.25%), and pine (49.7%). In the variables of ALP and ALR, the average values were 8.03 cm and 19.68 cm for soybeans, 7.31 cm and 15.58 cm for wheat, 9.9 cm and 15.57 cm for sunflowers, and 4.89 cm and 6.85 cm for pine ( Figure 1 ). Agronomy 2019, 9, x FOR PEER REVIEW 4 of 14
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Accelerated Aging Test under UV-B Radiation
For the test of accelerated aging under UV-B radiation, the ANOVA showed significant differences both between species (p < 0.05) and among the irradiation doses applied (Table 3) . For the vigor of seedlings, the values 97.2, 93.12, 82.0, and 83.8% were registered for soybeans, wheat, sunflowers, and pines respectively, and the germination registered values of 97.3% (soybeans), 95.6% (wheat), 82.3% (sunflowers), and 83.8% (pine). UV-B radiation negatively influenced the values of normal seedlings of pine (35.5%), soybeans (36.6%), and sunflowers (40.7%), compared to wheat (79.6%). Similarly, the ALP and ALR were affected by UV-B radiation, with pine (3.1 cm and 5.6 cm) being the most affected species, compared to sunflowers (8.5 cm and 16.3 cm) and wheat (6.8 cm and 15.1 cm).
In terms of treatments, the vigor (91-98%) and germination (95-99%) values of soybeans and wheat were kept constant, however, the number of normal seedlings (NS) showed high variation (17.5-78.5% and 75-84%) for these species. The variables of ALP (2.99-10.17 cm) and ALR (14.76-16.96 cm) did not show significant differences (p > 0.05), depending on the treatments. In summary, treatment 2 (minimum dose) turned out to be less harmful for these two species.
Regarding sunflowers and pine, the variables vigor and germination capacity showed a variation of 80-85% and 81-89%, respectively, while the values corresponding to the number of normal seedlings ranged from 21.5% to 68% for sunflowers, and from 24% to 46.5% for pine. The ALP variables ranged from 4.54 cm to 13.83 cm for sunflowers and from 2.26 cm to 4.1 cm for pine. ALR ranged between 14.94 cm and 17.052 cm and 5.42 cm and 5.86 cm for sunflowers and pine, respectively.
From a statistical point of view, soybeans and wheat formed a single group for vigor and germination, depending on treatments ( Figure 2 ), while sunflowers and pine formed another group, indicating significant differences between species, both for vigor (F = 35.89, p < 0.01) and for germination (F = 44.05, p < 0.01). As for ALR, soybeans, wheat, and sunflowers formed a group. For the test of accelerated aging under UV-B radiation, the ANOVA showed significant differences both between species (p < 0.05) and among the irradiation doses applied (Table 3) . For the vigor of seedlings, the values 97.2, 93.12, 82.0, and 83.8% were registered for soybeans, wheat, sunflowers, and pines respectively, and the germination registered values of 97.3% (soybeans), 95.6% (wheat), 82.3% (sunflowers), and 83.8% (pine). UV-B radiation negatively influenced the values of normal seedlings of pine (35.5%), soybeans (36.6%), and sunflowers (40.7%), compared to wheat (79.6%). Similarly, the ALP and ALR were affected by UV-B radiation, with pine (3.1 cm and 5.6 cm) being the most affected species, compared to sunflowers (8.5 cm and 16.3 cm) and wheat (6.8 cm and 15.1 cm).
From a statistical point of view, soybeans and wheat formed a single group for vigor and germination, depending on treatments ( Figure 2 ), while sunflowers and pine formed another group, indicating significant differences between species, both for vigor (F = 35.89, p < 0.01) and for germination (F = 44.05, p < 0.01). As for ALR, soybeans, wheat, and sunflowers formed a group. 
Standard Germination under UV-C
The analysis of variance showed highly significant differences (p < 0.01), both between species and treatments (Table 4 ) for all the variables studied, with average values of 100%, 98.6%, 76%, and 55% of germination for soybeans, wheat, sunflowers, and pine, respectively ( Figure 3 ). The average value for normal seedlings was higher in wheat (84%), followed by soybeans (76.5%), and finally by sunflowers (36%), and pine (25%). The plumule and radicle lengths were 13.5 cm and 19.2 cm for soybeans, 8.2 cm and 14.3 cm for wheat, 6.2 cm and 13.2 cm for sunflowers, and 2.2 cm and 3 cm for pine, respectively. In the seeds of Glycine max, the vigor and germination rate were kept constant with a value of 100%, both in the treatment of maximum and minimum doses of irradiation with UV-C as well as the control. The normal seedling variable had values from 72% to 88%, with the lethal dose being the treatment which showed the most harmful effect. The radicle length values ranged from 19 cm to 20.1 cm, where no significant differences were detected (p > 0.05) between treatments.
The wheat presented values of 96% to 100% in vigor and germination rate, while the normal seedlings varied from 80% to 92%, and plumule length from 7.8 cm to 9 cm.
In sunflowers, the values ranged from 72% to 80% for vigor, 68% to 76% for germination, 28% to 40% for NS, and 11 cm to 16 cm for ALR, stating that the DL50 and maximum doses were the treatments that caused the most damage to the seeds of this species. For pine, values of 52% to 72% were recorded for vigor, 72% for germination, 12% to 36% for NS, and 1 cm to 3 cm of ALP, highlighting that the DL50 and minimum doses were more harmful for these variables with irradiation UV-C. 
In sunflowers, the values ranged from 72% to 80% for vigor, 68% to 76% for germination, 28% to 40% for NS, and 11 cm to 16 cm for ALR, stating that the DL50 and maximum doses were the treatments that caused the most damage to the seeds of this species.
For pine, values of 52% to 72% were recorded for vigor, 72% for germination, 12% to 36% for NS, and 1 cm to 3 cm of ALP, highlighting that the DL50 and minimum doses were more harmful for these variables with irradiation UV-C.
Accelerated Aging Test under UV-C Radiation
The analysis of variance showed significant differences (p < 0.01) both between species and between treatments for the evaluated variables (except in NS, ALP, and ALR) ( Table 5 ). The vigor presented average values of 98.8%, 86.3%, 76.6%, and 36.2% for soybeans, wheat, sunflowers, and pine, respectively (Figure 4 ). For germination, average values of 97%, 88%, 75.3%, and 36% were recorded for soybeans, wheat, sunflowers, and pine, respectively. For the ALP and ALR variables, the average values oscillated from 3.625 cm to 5.615 cm and 16.187 cm to 18.65 cm for soybeans and wheat, respectively, with no significant differences (F = 0.30; p > 0.05). The NS recorded the ranges 3.5-8.5% and 23.5-60.5% for sunflowers and pine, respectively. The ALP for sunflowers and pine varied from 0.711 cm to 1.495 cm and 2.275 cm to 6.77 cm, respectively. As for the ALR, the values from 12.652 cm to 14.39 cm, 2.425 cm to 5.255 cm, and 4.467 cm to 4.99 cm were obtained for wheat, sunflowers and pine, respectively. 
Responses of Seedlings to UV-B and UV-C Radiations
The changes caused by the effect of UV-B and UV-C irradiation on the soybean seeds were manifested in the hypocotyl, presenting necrotic damage, curvature under the cotyledons, and interlacing of the cotyledons that restricted the emergence of the epicotyl, as well as cracks or divisions in the radicle ( Figure 5 ). 
The changes caused by the effect of UV-B and UV-C irradiation on the soybean seeds were manifested in the hypocotyl, presenting necrotic damage, curvature under the cotyledons, and interlacing of the cotyledons that restricted the emergence of the epicotyl, as well as cracks or divisions in the radicle ( Figure 5 ). GR = germination rate, NS = normal seedlings, ALP = average length of plumule, ALR = average length of radicle. **= highly significant (p < 0.01); Df = degree of freedom; CV% = coefficient of variation, Fcal = F calculated, T×S = treatment by species; S.E. = standard error. 
The changes caused by the effect of UV-B and UV-C irradiation on the soybean seeds were manifested in the hypocotyl, presenting necrotic damage, curvature under the cotyledons, and interlacing of the cotyledons that restricted the emergence of the epicotyl, as well as cracks or divisions in the radicle ( Figure 5 ). The alterations shown in the wheat seedlings due to UV-C and UV-B irradiation in their seeds were coleoptile fissures from the base of the root, as well as the torsion of the plumule and the strangulation of the mesocotyl (Figure 6 ). The alterations shown in the wheat seedlings due to UV-C and UV-B irradiation in their seeds were coleoptile fissures from the base of the root, as well as the torsion of the plumule and the strangulation of the mesocotyl (Figure 6 ). 40X (b, c) ).
The sunflower seedlings suffered different malformations derived from UV-C irradiation, including kinking, cracking, and hypocotyl curvature, in addition to deformation of their tissues, forming excrescences and ruptures, which caused asymmetric growths (Figure 7 ). 40X (b, c) ).
Finally, in pine, the alterations that presented the seedlings were fissures from the radicle base and curvature of the hypocotyl, in addition to the deformation of their tissues, forming different lesions that induced the inhibition of hypocotyl elongation as well as its curvature (Figure 8 ). 
Discussion
Standard Germination of Seeds Irradiated with UV-B
The seeds of soybeans and wheat presented minimal sensitivity to UV-B radiation, which increases as the dose of radiation applied increases. UV-B inhibited the growth and nutrient metabolism of soybeans during germination [25] , causing the ALP and ALR to decrease proportionally to the amount of UV-B applied. This agrees with Shinklea et al. [26] and Lizana et al. [27] , who mentioned that the response to the short wavelength UV-B (280 nm and 300 nm) induces the inhibition of hypocotyl elongation and curvature, and a positive phototropism in both cucumber and Arabidopsis seeds. In the same way, Mazza et al. [28] and Selezneva [29] have detected the responses to current levels of UV-B solar energy, such as reductions in leaf surface expansion and biomass accumulation rate, and also the reduction of growth. 40X (b,c) ).
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Standard Germination of Seeds Irradiated with UV-B
The seeds of soybeans and wheat presented minimal sensitivity to UV-B radiation, which increases as the dose of radiation applied increases. UV-B inhibited the growth and nutrient metabolism of soybeans during germination [25] , causing the ALP and ALR to decrease proportionally to the amount of UV-B applied. This agrees with Shinklea et al. [26] and Lizana et al. [27] , who mentioned that the response to the short wavelength UV-B (280 nm and 300 nm) induces the inhibition of hypocotyl elongation and curvature, and a positive phototropism in both cucumber and Arabidopsis seeds. In the same way, Mazza et al. [28] and Selezneva [29] have detected the responses to current levels of UV-B solar energy, such as reductions in leaf surface expansion and biomass accumulation rate, and also the reduction of growth.
The high-dose UV-B treatments could cause irreversible damage of cellular macromolecules, such as proteins, nucleic acids, and lipids, due to the absorption of the energy rich radiation [30] . When the soybeans germinated under the UV-B radiation, it was shown that the cell volume became smaller, the cell shape tended to be irregular, and the cell space became greater. This might be because UV-B radiation increased cell permeability, caused loss of membrane integrity, and resulted in water released to the intercellular space [25] .
Sunflowers were the species most affected by UV-B radiation compared to the other three species evaluated, causing abiotic stress due to high radiation and heat. Nawkar et al. [5] pointed out that the specific photoreceptors of UV-B light at low fluence induce a protective response and at high intensity stress to the plants. As the response to such voltage is independent of the photoreceptor, plants irradiated with UV-B can activate the path of cell death and biotic stresses.
Pine, similarly to soybeans, showed minimal sensitivity to UV-B radiation. The increase in the applied radiation dose interferes with the growth of the plumule (ALP) and the radicle (ALR), which decreased proportionally to the amount of UV-B applied. These results agree with those reported by Jansen et al. [31] and Tutoral et al. [32] , who mentioned that UV-B radiation interferes with the growth, development, photosynthesis, flowering, pollination, and transpiration of plants.
Standard Germination of Seeds Irradiated with UV-C
The soybean and wheat seeds showed similar behaviors to the effect of the radiation dose. However, pine and sunflower seeds presented physiologically different behavior, where sunflowers showed greater sensitivity to UV-C radiation. This could be related to what was reported by Kanash and Savin [33] , who mentioned that the wheat plant shows tolerance to UV-C radiation, maintaining its productivity with applications for 7 hours at doses of 100-250 kJ/m 2 /day. These differences could be attributed to the difference in the structure of the seeds, since soybean and wheat seeds are light-colored and have a thin tegument compared to sunflower and pine seeds. Similarly, Rivera et al. [15] mentioned that the susceptibility of plant tissue to irradiation differs significantly among varieties, physiological states, composition, and epidermis thickness of the plant structure. Plants have been found to activate enzymatic and non-enzymatic antioxidant systems to counter different stresses on treating with low levels of UV B and UV C [34] .
Sarghein et al. [7] and Aguirrezabal et al. [35] pointed out that the effects of UV radiation vary between species and cultivars, showing reductions in plant growth, photosynthetic activity, and flowering. It should be mentioned that wheat and soy plants show good tolerance at high irradiance, with the optimum dose corresponding to maximum dose (43.20 kJ/m 2 /day). This has been reported in UV-C irradiated groundnut seeds, where there was an increase in seed germination, seedling vigor, biomass production, and all seedling growth parameters with increasing periods of UV-C exposure up to 60 min, as compared to seed controls [36] .
The sunflower and pine species were the most affected by UV-C radiation, decreasing their vigor and germinative power, with a high degree of deterioration in the pine seed. These results corroborate with those described by Reglinski et al. [37] , who demonstrated that the use of UV-C irradiation induces resistance to fungal infection in a conifer species (Pinus radiata). Similarly, Torres et al. [38] and Cerero-Hernández [39] indicated that the percentage of normal plants in sunflowers was reduced when exposure to UV-C irradiation increased from 5 min to 60 min, which caused acute physiological stress, which led to a reduction in growth.
Accelerated Aging of Seedlings from Seeds Irradiated with UV-B
Sunflowers and pine showed greater sensitivity to the effects of UV-B radiation, while soybeans and wheat presented physiologically different behavior. These differences could be attributed to their different contents of oils, proteins, and other compounds in their seeds structures. According to Tripathi et al. [40] , oil content and seed quality parameters in sunflowers-such as total sugar, protein, amino acids, and oil content-were more affected under combined exposure of UV-B and O 3 .
Both sunflowers and pine showed high sensitivity, due to the high concentration of lipids in their seeds, which would facilitate the oxidation and deterioration of the plasma membrane. Therefore, the response of the evaluated variables is very low, due to the stress caused by the aging test being in the limit of germination allowed by the ISTA [21] to be considered as high-quality seed, contrary to what happened in UV-C radiation. Based on the variables evaluated, the best responses were obtained with the application of UV-B under the minimum dose (T2) for sunflowers (1.35 kJ/m 2 /day) and for pine (0.63 kJ/m 2 /day). In these species, the reduction in growth was measured through the expansion of the hypocotyl and radicle, a consequence of the effects of the applied radiation, which agrees with that obtained by Cechin et al. [41] , who confirm that UV-B radiation affects the rate and duration of cell division and elongation.
For soybeans, the minimum dose (5.4 kJ/m 2 /day) presented similar responses to the control. UV-B radiation induces a wide variety of responses in plants, including changes in stem elongation and leaf morphology. These results coincide with those of Boccalandro et al. [42] , who pointed out that UV-B radiation induces various phenotypic responses in plants.
Wheat did not present statistical difference between its treatments. The average values obtained were above the accepted limit to be considered good quality seed and the small decreases were due to the reduction of the biomass. According to Lizana et al. [27] , the features that are most related to the loss of performance are increases in UV-B radiation in the early stages of development. Proteins and lipids are direct targets of UV-B radiation. Since proteins strongly absorb~280 nm or higher wavelengths, UV-B radiation can affect aromatic amino acids such as tyrosine, phenylalanine, and tryptophan [5] .
Accelerated Aging of Seedlings from Seeds Irradiated with UV-C
The results obtained in this test showed the same trend as the standard germination test, where sunflowers and pine presented greater sensitivity to the combination of UV-C radiation and the stress caused by high humidity and temperatures, due to their greater lipid and protein content. Concerning this, Beena et al. [43] mentioned that at high temperatures (70 • C), changes occur in the metabolism of soybeans, specifically in the protein bands, since soybeans contain proteins and are rich in lipids. In the case of soybeans, treatment 3 (maximum dose = 43.2 kJ/m 2 /day) presented similar responses to the control. These results are consistent with those mentioned by Minuzzi [44] and Rai et al. [45] , who indicated that the lipid and protein content of soybeans are highly influenced by humidity and temperature. The average values of vigor and germination, depending on treatments, for wheat are within the accepted limit to be considered good quality seed. According to Belgin et al. [46] , UV-C radiation together with abiotic factors induces biological stress in plants, as well as defense mechanisms of plant tissues with the consequent production of phytoalexins. The results on the production of normal plants could be a reflection of modifications in the mineral composition, content of starches, and specific metabolites such as flavonoids, which are known to be induced by UV-C radiation.
A high sensitivity was found in sunflower and pine seeds, due to the concentration of lipids in their seeds, which would facilitate the oxidation and deterioration of the plasma membrane. Therefore, the response of the evaluated variables is very low, due to the stress caused by the aging test. These results agree with those obtained by Mpoloka [47] , who pointed out that UV-C radiation is responsible for alterations in plants, including damage to DNA, affecting physiological processes. Moreover, Deng et al. [48] reported that high temperatures and UV-C irradiation differentially affect the biosynthesis of specific stilbenes, including resveratrol and piceatannol, in Gnetum parvifolium stems and roots.
However, different results have been reported in other species, showing, for example, that the use of UV-C and fluorescent light are advantageous for controlling soft rot in potato plants without adversely affecting sprouting [49] . Seed treatments with low doses of UV-C (3.6 kJ/m 2 /day) were used to elicit host resistance to black rot in cabbage (Brassica oleracea L.), improving the quality and growth response of cabbages under greenhouse conditions [19] . Similarly, lettuce seeds treated by exposure to 0.82 and 3.42 kJ/m 2 /day UV-C doses were able to mitigate the impact of excessive salinity, possibly as result of the enhanced free radical scavenging activity detected in their leaf tissues, where a dose-dependent response occurs-seedlings derived from seeds treated with the lowest UV-C dose showed higher tolerance to salinity conditions [50] .
Conclusions
The good tolerance to the UV radiation tested allowed the determination of the adequate doses, which correspond to the maximum dose (T3) of UV-C radiation (43.20 kJ/m 2 /day) for the germination and vigor of soybeans, wheat, and pine, and the minimum dose (T2) (2.88 kJ/m 2 /day) for sunflowers. Regarding UV-B radiation for germination and accelerated aging tests, the minimum doses used in this study were the adequate dose, which presented the right responses and the least damage to the seedlings of the four species, both for the germination and vigor.
Sunflowers and pine showed higher sensitivities than wheat and soybeans under UV-B radiation in the aging test. The harmful effects manifested in the soybean seedlings irradiated with UV-B and UV-C were the curvatures and necrotic damage in the hypocotyl and cross-linking of the cotyledons, which restricted the emergence of the epicotyl, as well as fissures in the radicle. In the sunflowers, curls, fissures, and curvatures of the hypocotyl were presented, as well as malformations and ruptures of their tissues, which caused asymmetric growths. In the pine, cracks appeared from the base of the radicle and curvature of the hypocotyl. In the wheat seedlings, torsions and fissures of the plumule were presented from the base of the root. The wheat presented minimal alterations, and thus it can be considered a species relatively tolerant to UV-C and UV-B radiations.
